includes the sequences of binding carbohydrates and blood group antigen, combinations associated with the host cell. The P2 sub-domain is closely related to the popularity of the mutant, which suggests that this area should contain specific antigenic determinants, receptor binding sites, and neutralize antibody binding sites. Bertolotti-Ciarlet et al suggests that VP2 is associated with the upregulation and stabilization of VP1 in the virus.
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Classification and Nomenclature
The diversity of NoV is extensive, and the specific classification is significantly important as different virus types can differ in many aspects, such as virulence, environmental stability, and histotropism. However, direct serotyping by neutralization assays is impossible because of the lack of a cell culture system. Researchers proposed a criteria to classify NoVs below the genus level based on the amino acid sequences of the VP1 major capsid protein and RdRp 12 with the widespread use of reverse transcription-polymerase chain reaction (RT-PCR) and genetic sequencing. Now, NoVs can be correctly classified by whole genome sequencing as more antigenic drifts and recombination events occur. 13 Accordingly, at least 40 genotypes are segregated into seven genogroups (GI-GVII), 14 including 9 genotypes in the GI genogroup, 22 in GII, 3 in GIII, 2 in GIV, 2 in GV, 2 in GVI, and 1 in GVII. Three of the genogroups (GI, GII, and GIV) are primarily found in human infections, except for GII.11, GII.18, and GII.19 in pigs. 15, 16 GII.4 has the most variants and is responsible for the most outbreaks and sporadic diseases (>95% of NoV infections). GIII and GV infect bovine and mice, respectively. The new genogroup GVII was recently proposed; it was initially detected in dogs, 17 which raised great concerns over possible inter-species transmission.
As there is so much diversity, it can be assumed that NoVs evolve faster than any other RNA virus. More research is needed to add evidence for dynamic evolution.
Traditional nomenclature used to be a form of genogroupgenotype combination, for example, GI.1 or GI/1, with the roman number standing for genogroup and the Arabic number representing the genotype. The new style of nomenclature is as specific as possible: genotype/host/country/isolation year/ partial ORF1-ORF2-strain name and index year/isolate city name (usually with an isolate number).
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Culture
Since the discovery of NoVs in the 1970s, most attempts to establish an efficient cell culture system coupled with an animal model have obtained negative results. Thus, studies of survival, replication, gene expression, or immunology cannot be conducted. However, the three major methods for NoV model development, constructing in vitro cell culture system models with potential human and animal cell lines, infecting animal hosts with NoVs, and using animal caliciviruses as surrogates in their natural hosts, provide much encouragement.
Cell Culture System
Considering the enteric nature of NoVs, researchers try to mimic the intestinal environment, but no human or animal cell line supports the significant replication of NoVs. MNV has been found to replicate in dendritic cells and macrophages in murine hosts. 19 Based on this observation, some researchers have utilized NoVs transfecting such human cell types, but no increase in NoV RNA was detected in any cell. 20 A single group of researchers successfully investigated NoV replication in three-dimensional cultures using human intestinal epithelial cell lines. 21 Mary K. Estes along with her research team successfully cultured HuNoV strains in stem cell-derived human intestinal enteroids (HIEs). Moreover, the team also confirmed that bile is necessary for the replication of some NoV strains. 22 This finding is extremely exciting and must not only be the impetus of basic pathogenesis research, but also provide a platform for vaccine and anti-viral drug development.
Animal Models
Animal models, namely chimpanzees, gnotobiotic (Gn) pigs, and Gn calves, are being used to increase what is understood about NoVs. [23] [24] [25] Chimpanzees showed subclinical infection but had a similar duration of virus shedding and level of replication as found in humans. Pigs and calves exhibited the same symptoms as humans, partially due to their similar gut structure and physiology. However, the high cost of Gn animals and the NoV strain-specific infection limited their feasibility.
Surrogated Virus
To date, most of the data on NoV comes from the study of surrogates, such as MNV, feline calicivirus (FCV), and Tulane virus (TV). [26] [27] [28] MNV has become the most frequently used NoV surrogate as it is the only NoV with a cell culture system and small animal model. TV also has broad uses as a surrogate since it has similar genetic identity to NoVs and recognizes histoblood group antigens (HBGA). However, whether surrogates accurately represent human NoVs is frequently questioned. 29 Continuous development of new surrogate models providing capabilities for both in vitro and in vivo studies is still needed to overcome the limitations of current systems.
Epidemiology and Clinical Features
Since the first NoV infection was recorded in Norwalk, the United States in 1968, 30 NoV-related gastroenteritis has been more frequently reported, accounting for at least 90% of nonbacterial acute gastroenteritis and more than 50% of all-cause outbreaks worldwide. 31 Each year in the United States, NoV causes on average 19-21 million cases of acute gastroenteritis and leads to 1.7-1.9 million outpatient visits and 400 000 emergency department visits, primarily for young children. Worldwide, about one out of every five cases of acute gastroenteritis is caused by NoV, and these cases most often occur in developing countries. 32 Furthermore, NoV has shared a common etiology with travelers' diarrhea in recent years. 33 Overall, GII.4 is the most predominant genotype reported in most outbreaks, circulating with an emerging variant every 2-3 years that appears to escape human herd immunity to previous strains. 34, 35 Such outbreaks involve the general population across all ages, particularly those at the extremes of age and some who are immunocompromised or have received organ transplants. 36 The seasonality of NoV outbreaks is obvious, with infection peaking during the dry winter months. Outbreaks typically occur in semi-closed settings where people are in close contact with each other, such as hospital wards, healthcare centers, cruise ships, schools, and hotels. [37] [38] [39] [40] There is even a report of NoV transmission during an international flight, pointing out that the risk of NoV infection on a commercial flight is likely greater on longer flights. 41 NoVs are mainly transmitted through the fecal-oral route by contact with infected individuals or contaminated food/water, but they may also occur through exposure to airborne particles from explosive vomitus or stool. 42 Several factors make NoVs highly contagious: (1) NoV particles are environmentally stable and much more resistant to heat, pH, and disinfection than bacteria; (2) low-dose particles (usually 18 to 2800 viral particles) can be sufficient to cause infection 43 ; (3) virus shedding precedes the onset of symptoms and continues for 2 weeks after return to baseline health; and (4) repeated infections can occur due to lack of cross-protection against the diverse NoV strains and inadequate long-term immunity. 44 The incubation period is estimated as 1.2 days (95% CI, 1.1 to 2.2 days). 45 The disease is often characterized by vomiting, non-bloody diarrhea, abdominal cramps, lowgrade fever, mild, self-limited, and lasting 1-3 days. Besides the self-limited cases, it is more important for the severe cases. NoVs contribute to about 570-800 deaths per year on average, mostly among young children and the elderly. Asymptomatic infections also exist and are estimated to occur in approximately one-third of infected persons. They have no specific symptoms, but active virus shedding can occur with both infected and asymptomatic patients and peak on the fourth day following exposure. 46 
Evolution Mechanism
Many studies of outbreaks have identified NoVs of the GII genogroup as the most common strains worldwide, which suggests that NoV GII strains have rapidly evolved with high levels of genetic divergence and adaptation to humans. Two mechanisms of variation, mutation and homologous recombination, are recognized contributors to the evolution of NoVs.
Under the herd immune pressure, variation of the P2 subdomain results in differential HBGA binding patterns which lead to changes in host susceptibility. 47 Five epitopes (A-E) within the capsid P2 domain were observed as the most common variation sites among different GII.4 variants, especially epitope A. 34 Eden et al conducted a study which confirmed that antigenic variation was an important factor contributing to the emergence of novel NoVs, and four sites within the P2 domain (294, 368, 373, and 376) were identified with novel, variant specific mutations. Among them, two sites (294 and 368) were located in epitope A, one (376) was in epitope C, and another site (373) was not associated with any previously defined epitope. 48 The slow accumulation of mutations along the P2 subdomain eventually resulted in a novel GII.4 strain with the potential to escape herd immunity, which altered antigenicity and HBGA binding properties. 49 This observation supports the notion of NoV evolution that has been driven by population immunity. Successful RNA viruses have been shown to evade host immunity through several modes, including the effect of replication fidelity. The lack of related proofreading and repair mechanisms for RNA replication and transcription makes the RNA virus mutation rate significantly higher than all extant organisms with an estimated mutation rate in the range of 10 . 50 The substantial production of mutants supports the emergence of variants with potentially useful phenotypes in the face of environmental change. However, with the increase of mutations, the virus fitness would decrease and finally deracinate if it eventually passes the error threshold. 51 Two prevalent genotypes, GII.4 and recombinant GII.12/GII.3, are excellent examples that maintain the balance between mutation and fidelity.
The ability of RNA polymerases to switch templates facilitates the development of recombinant RNA, which is another major driving force of viral evolution and a powerful mechanism for creating large changes in the viral genome. 52 Recombination in NoVs may play a significant role in limiting humoral cytotoxic T-lymphocyte immune responses. There exist two types of recombination, inter-genotype and intra-genotype. Most recombination in NoV occurs at the ORF1-ORF2 overlap, 53 which is also the transcription start site for viral subgenomic RNAs. 54 Intragenic recombination also has been reported to locate at the ORF2-ORF3 junction. 55 Recombination within the capsid ORFs transforms the orientation of the capsid domains and therefore prevents neutralization by pre-existing antibodies so that the NoV escapes human immunity. There are many recombinant NoVs, including GIIPb/GII.3, GII.Pb/GII.13, GII.Pg/GII.12, GII. P4/GII.10, GII.P6/GII.14, and so on, and nearly all of them are non-GII.4 genotypes. To date, 11 recombination variants have been reported. They mainly result in epidemics among children rather than widespread gastroenteritis pandemics. 56 Mutation and recombination drives the continual evolution of NoVs, which means that drugs and vaccines against NoV will be in the early phase period for a long time.
Diagnosis Clinical Test
NoV infections can be detected on the basis of the following clinical and epidemiological features which are different from other causes of enteric disease 57 : (1) a mean incubation period of 24-48 hours; (2) vomiting (>50% of patients); (3) a short duration of 12-60 hours; (4) Exclusion of common bacteria, parasites, and other pathogens. It is confirmed that this set of criteria is highly specific (99%) and moderately sensitive (68%). 58 This information is very useful for testing NoVs in the community and in hospitals when there is no laboratory diagnosis available.
Electron Microscopy
EM was the first method to identify NoV according to their morphology. 59 EM can provide a rapid test (15 minutes) and is able to detect a range of viral pathogens. However, it is no longer an adequate detection method because of its expensive facilities and low sensitivity. In addition, the detection results are directly related to the skills and experience of the operator; therefore, it is not widely available for large-scale epidemiological investigation.
Immunological Tests
Immunological methods include radioimmunoassay (RIA), enzyme-linked immunosorbent assay (ELISA), and immunochromatography (ICG). The sensitivity of RIA can be increased 10-20-fold that of EM. RIA can also detect serum antibody rises and offer more valuable information for epidemiology. However, it is time consuming (6D) and requires a radioactive isotope, which limits its extensive use in laboratories. ELISA is a rapid and economic method, and its scope of application is relatively narrow because of the high specificity between strains. Now, it is mainly used to screen large numbers of fecal samples for NoVs with relative ease. ICG does not require laboratory equipment and offers the advantage of rapid (20 minutes) individual sample testing. Recent evolving technologies have given the ICG test an analytical sensitivity ranging between 23% and 59% with a specificity ranging 75%-100%. 60 The sensitivity rates of ICG tests by different manufacturers are significantly different, which may be related to the difference in viral loads among samples. 61 To sum up, the use of immunoassays can simplify the testing and diagnosis of NoV infection, but the obviously decreased sensitivity when compared to molecular testing limits its widespread use.
Molecular Tests
Once the sequence of NoV was known, RT-PCR was introduced in the mid-1990s. It was a reference method with high analytical sensitivity and specificity. The conventional RT-PCR amplicons can be sequenced and used for typing, but its results must be confirmed by sequencing or hybridization, and the process is time consuming (5-6 hours). With the development of diagnostic technologies, real-time RT-PCR has replaced RT-PCR and is now the gold standard for the clinical detection of NoVs. This method is more sensitive, faster (3 hours), and has a high throughput, providing both confirmation and quantitation in a single assay. Both ELISA and molecular tests are challenging because of the diversity of strains and the antigenic drift with time.
The need for rapid diagnosis should be balanced against the accuracy of reporting, especially because of the infection control implications. Therefore, each laboratory needs to select a testing format that is best suited to its needs and feasibilities.
Vaccine
There is no specific antiviral therapy at present. Rehydration with fluids and electrolytes is an ideal approach for clinical severe cases. Improving hand hygiene is the most important, simplest, and least expensive method of preventing NoV infections. The viruses are resistant to routine cleansing and routine alcohol-base hand hygiene solutions.
A potential vaccine is needed to control the disease. Previous investigators were devoted to utilizing bioengineering technologies to produce recombinant NoV antigens while lacking a suitable cell culture system or animal model, including mainly NoV-like particle vaccines (VLPs) and P particles.
VLP vaccines are low-cost and can be produced in many expression systems, including yeast, 62 baculovirus-infected insect cells, 63 and transgenic plants. 64, 65 VLPs are selfassembled by NoV VP1 capsid sequences, and P particles are expressed by the P domain of VP1 capsid protein. Both are morphologically similar to the natural virus and have similar properties. 63, 66 In preclinical studies, these vaccine candidates were administered to mice and Gn pigs, respectively. The results confirmed that they are highly immunogenic and can produce antibodies. 67, 68 Other studies have shown a dose-dependent response of the VLP vaccine; when the vaccine quantity was increased, the neutralizing antibody quantity increased significantly on the second day after the second vaccination. 69 Clinical trials to assess the safety, immunogenicity, and efficacy of the VLP vaccine in volunteers are ongoing. 70 Some adverse reactions have been observed. In the vaccine groups, three cases of mild cramps and one case of nausea were reported. Those who received the vaccine through the intranasal route more commonly reported mild nasal stuffiness and sneezing. Volunteers in the vaccine and placebo groups both had the systemic symptoms of headache and malaise. The first generation VLP vaccines have reached phase II clinical trials and promise a positive outcome. 4 However, with the report of a successful cell culture system, the focus should be placed on traditional strategies of live attenuate and inactivated vaccine.
Many challenges still hinder the development of a vaccine. Considering the genetic diversity and antigenic drift of NoVs, it is necessary to seek polyvalent vaccines with broad protection. Consequently, real-time monitoring the epidemiology of NoVs is needed for future vaccine improvement. Furthermore, NoV infection is species specific; hence, the data from animal models maybe limited and inaccurate. Overall, no vaccine is available, but vaccine studies are ongoing.
Conclusion
What has been learned about NoVs is encouraging. Areas in NoV research that await investigation include (1) The 3D structure of ssRNA and the specific function of the related protein in the replication progress; (2) Details of the NoV viroplasm interaction with HBGA in intestinal mucosa; (3) The impact of NoV infection on the long-term health of the gut; (4) The mechanisms controlling mutation/reassortment in the replication progress; (5) The factors determining NoV pathogenicity and virulence; (6) The significance of the different immune response types in establishing protection against NoVs; (7) The factors determining the spread of NoV; (8) The development of alternative (non-live attenuated) NoV vaccine candidates and anti-viral drugs.
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What Is Already Known?
NoVs are important, acute pathogenic agents. The aspects of NoV structure, culture, genetic evolution, and vaccine are summarized .More typical references and epidemiological data on NoVs is added to emphasize the disease more than before. Through long-term monitoring, we have known well about the clinical symptoms, epidemiological characteristics and evolution mechanism. Besides, some other aspects of NoVs (such as culture) come from the MNV or other surrogates. Real-time monitoring is necessary because of genetic diversity and the antigenic drift.
What This Study Adds?
This study clearly adds some new findings (e.g., the new GII.4 variant, new epidemiological date, new methods of culture, and so on) resulting from the authors' own work and that of other researchers. Some ideas for further research are also suggested.
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